.
Recent experimental evidence suggests, however, that the collecting duct may play a more active role in the regulation of urinary excretion, affecting both natriuresis (3, 14, 15) and water diuresis (5, 6). The microcatheterization technique (7) was, therefore, used to determine transport characteristics of the medullary collecting duct in anesthetized rats during antidiuresis, during the natriuresis following saline infusion, and during water diuresis.
METHODS
Male Sprague-Dawley rats (weight range: 240-405 g) were used. Control animals (11 rats) were maintained on water and Purina laboratory chow. A second group (seven rats) received a glucose-saline mixture as drinking fluid (0.9 g NaCl + 5 g glucose/l00 ml), while a third group drank a glucose solution in distilled water (5 g/l00 ml). Animals were used between 1 and 3 wk after being placed on the fluid regimen.
Rats were anesthetized with Inactin (10 mg/lOO g body wt) and maintained at a body temperature near 38°C on a heated operating table. The trachea and a jugular vein were cannulated and an intravenous infusion was begun. Control rats received Ringer solution (1 ml/l00 g body wt per h), while the saline-and waterdrinking rats received isotonic saline and glucose solution (2 g/l00 ml>, respectively, at a rate of 12 ml/h. Since these two groups had an overnight fluid intake of 160 ml (range: 80-400 ml) and 190 ml (range : 100-275 ml), respectively, the voluntary rate of fluid ingestion was equal to or exceeded the rate of infusion during the experiment. In water-loaded rats the infusion did not cause hemolysis in either plasma or urine, and no glucose was excreted. Following cannulation of a femoral artery for blood pressure measurements and sampling, the right ureter was cannulated through a flank incision. Tubing (PE-50), pulled out at the tip if necessary, was used for ureteral cannulations (2). The left kidney was mobilized through the same incision, placed in a Lucite cup, and covered with Parafilm and cotton wool to prevent drying and cooling of the surface. The left ureter was carefully dissected to the pelvis and cannulated.
A small longitudinal slit was made in the upper surface of the ureteral wall as close to the body of the kidney as possible, and the incision was spread by advancing the ureteral cannula to the level of the cut. Usually the tip of the papilla became visible in the incision; occasionally, however, a relatively short papilla remained inaccessible even after careful repositioning of the kidney. Such animals could not be used for an experiment.
Urine from the left, experimental kidney was collected by applying continuous gentle suction to the ureteral catheter. Since the sides of the opened ureter formed a small leakproof "well," loss of urine through the incision was not a problem. Aspiration of tissue fluid into the opened ureter was prevented by careful prior dissection and by continuous removal of any free tissue fluid via suction. The similarly low osmotic pressure of urine collected from both kidneys during water diuresis (see , by means of a heated wire loop (7) and were mounted on glass capillary tubes to leave 5-10 mm of length available for insertion.
The catheters were filled with colored, heavy mineral oil and tested in a water bath to determine the degree of suction required to just overcome resistance to flow in the catheter. After insertion of the catheter into a papillary duct, the same level of suction was set by means of a mercury manometer and maintained throughout the collection (5-20 min). Catheters were advanced into a duct, usually until obstruction was felt, and then pulled back slightly. In attempts to advance the catheter as far as possible toward the cortex, penetration into the tissue could occur. Samples were discarded if red cells appeared in the collected fluid or if the predetermined suction did not result in a steady rate of collection.
On completion of the collection, the catheter Urine of diuretic animals was tested by macro osmometry.
Plasma inulin concentration was calculated for the midpoint of each fluid-collection period and the tubular fluid-to-plasma concentration ratio ((TF/P)r,) was determined.
In addition, the fractions of filtered sodium and potassium remaining at the collection site were ob- tained by dividing the tubular fluid-to-plasma concentration ratio for sodium and potassium by (TF/P)r,.
Orthogonal regression analysis (19) was used to obtain lines of best fit. Paired and unpaired t-test analysis as well as correlation coefficients were used to obtain levels of statistical significance of differences in data (13).
RESULTS
A comparison of the average function of control and experimental kidneys is given for individual animals in Table 1 . In nondiuretic rats urine volume and sodium excretion were uniformly higher in the experimental kidney, despite relative reduction in the urinary solute concentration and glomerular filtration rate. With the exception of GFR, these distinctions tended to persist in saline diuresis; whereas during water diuresis, only sodium excretions remained significantly different. In saline-loaded animals both renal fluid and sodium output were increased more than lo-fold compared to control rats. Diuresis in the water-loaded group showed further enhancement; natriuresis, however, was not different from the control group. Both control and high-salt animals had similar plasma sodium concentrations (142 rt 2 SE and 141 rt 1 meq/liter, respectively), although plasma potassium levels were significantly (P < 0.01) reduced in the latter (4.5 rt 0.1 to 3.7 =t 0.1 meq/liter).
In contrast, high water intake with subsequent infusion led to significant reduction (P < 0.01) in plasma sodium (131 rt (Fig. 1A) and below (Fig. 1B ) the average for control animals (see Table 1 ). In each case there was a significant rise (P < 0.01) of osmotic pressure toward the tip of the papilla with correlation coefficients (r) of 0.809 and 0.73 1 for high and low groups, respectively. In contrast, tubular fluid concentration during saline diuresis ( Fig. 2A ) did not change with medullary length and remained near isotonicity throughout. Tubular fluid samples from water-diuretic rats (Fig. 2B) showed a significant decline of concentration toward the papillary tip (r = -0.429, 1' < 0.01). Individual tubule TF/P inulin ratios are depicted in Fig. 3 for control (,4) , saline-diuretic (B), and water-diuretic (C) series. Significant increase with medullary length was seen only in nondiuretic animals (r = 0.747, I' < O.Ol), although the TF/P inulin at the beginning of the medulla was comparable for all three groups. Further reabsorption of the similar fractional fluid load, therefore, did not occur during either saline or water diuresis.
The fraction of filtered sodium remaining in the tubule was calculated for each collection and related to medullary distance in Fig. 4 . During antidiuresis (A), approximately 3 YL of filtered Na entered the medullary duct. Further re-H. SONNENBERG absorption reduced this tubular load to a value less than 0.3 76 at the tip of the papilla.
In saline-loaded rats (B), initial sodium load was increased to 4.5 '%. No net transport of the ion occurred in the collecting duct, which accounts for the large natriuresis in this group. During water diuresis (C), despite a tubular-volume flow rate greater than in the high-salt group, fractional sodium reabsorption in the medullary collecting duct was indistinguishable from that in control animals.
A similar plot for potassium transport (Fig. 5) showed no net secretion or reabsorption of the ion in the collecting duct of either nondiuretic or saline-diuretic rats. In waterdiuretic animals there was significant (P < 0.01) reabsorption of K, although only 13 % of total variability could be accounted for by this mechanism (T = -0.361). Absolute tubular load of fluid, Na, and K, in the medullary collecting duct was calculated for the three different groups of rats as follows: mean glomerular filtration rate in a given series of animals was obtained by averaging the inulin clearances that were measured simultaneously with the individual tubular fluid collections. For Na and K this value was multiplied by average plasma concentrations to obtain absolute filtered load of each ion. Filtered load was then multiplied by the fraction remaining at beginning and end of the collecting duct, using the calculated regression lines (Figs. 3-5) . Results are given in Fig. 3 . lated tubular load at the papillary tip was within 1 SD of the observed urinary excretion (Table  1) ; this provides a degree of validation for the microcatheterization technique. In antidiuresis there was extensive reabsorption of both water and sodium in the medullary collecting-duct system, while net potassium transport was insignificant. In saline diuresis both fluid and Na reabsorption were completely inhibited, resulting in total excretion of the increased tubular load entering the medulla. Again, no net K transport was observed. In water diuresis, while fluid reabsorption was inhibited, absolute sodium reabsorption was increased compared to control conditions. A small but significant rate of reabsorption of potassium was seen in this group.
DISCUSSION
The difference in excretion between control and experimental kidneys could be due to at least two different mechanisms. First, the opening of the ureter may reduce hydrostatic pressure and increase flow rate in collecting ducts, thus allowing less time for equilibration. The opposite effect is believed responsible for exaggeration of transport mechanisms in stop-flow experiments (9). Second, it has been shown that a change in solute concentration of the fluid bathing an exposed papilla results in a corresponding change of concentration in the terminal collecting-duct fluid (12). Variable decreases in osmolality of the fluid surrounding the experimental papilla, depending on exposure and urine flow, could explain the difference in osmotic pressure of urine from control and experimental kidneys (Table l) , as well as the variability in antidiuresis (Fig. 1) . As demonstrated by Ullrich (17), under antidiuretic conditions there is significant reabsorption of both sodium and water in the medullary collecting duct, comprising in the present experiments 3 % and 5 % of filtered load, respectively. During saline diuresis, there is no net fluid or Na reabsorption, whereas medullary delivery is increased (Table  2 ). Since osmolality in the medulla is reduced by saline loading ( I), reduction of the usual gradient for water reabsorption could account for the observed diuresis; however, assuming a constant rate of sodium reabsorption, the increased Na load can account for only a part of the natriuretic response. Inhibition of collecting-duct transport of sodium is, therefore, a demonstrable feature of the saline natriuresis.
Aldosterone has been shown to increase Na transport capacity in the collecting duct (16). In the present salineloaded animals, chronically decreased release of aldosterone associated with the observed reduction in plasma K levels (10) could account for both increased medullary delivery and lack of collecting-duct reabsorption of sodium. Such dependence of medullary Na transport on aldosterone could also explain the apparent discrepancy between the present results and those of Diezi et al. (3) . Using micropuncture techniques, these investigators found an increase in fractional sodium reabsorption in the terminal collecting ducts of young rats subjected to acute saline infusion. If the acute treatment is less effective in altering plasma aldosterone levels, reduction of the hormone in chronic but not acute saline loading provides a satisfactory explanation for the difference in transport characteristics. The data, however, do not exclude a mediation of the inhibition of collecting-duct transport by factors other than aldosterone (14). During water diuresis, there is little or no fluid reabsorption in the collecting duct. Absolute sodium transport, however, is, if anything, increased compared to control conditions. Inhibition of release of antidiuretic hormone due to reduction in plasma osmolality (PosM = 272 & 2.5 SE mosM), combined with comparatively low medullary solute concentration (8) , can adequately explain the diuresis. Since, as a result of reduced plasma Na concentration in this group, aldosterone levels may be enhanced (lo), maintained reabsorption of the ion is not unexpected. When paired collections from the same duct were used, an increase in net fluid reabsorption was seen in the terminal collecting duct of young water-loaded rats with hereditary diabetes insipidus, compared to antidiuresis in the same rats (5). The larger variability in the present experiments, due to summation of collections from different ducts and animals, allows no conclusion regarding water reabsorption in the final l-2 mm. It is evident, however, that such increased reabsorption, if present, does not extend over the whole medullary duct (see Fig. 3C and Table 2 ). On the other hand, the data do support the finding of urinary dilution (6) in the collecting system of water-diuretic rats (see Fig. 2B ). In corroboration with findings of Ullrich (17), and Diezi et al. (3), no evidence for net potassium secretion into medullary collecting-duct fluid is seen in any of the present experimental groups. On the contrary, in water diuresis a small but statistically significant net reabsorption of the ion is evident.
Net reabsorption of potassium was also found after potassium depletion in rats (3). The dissociation between Na and reverse K transport in the medullary collecting duct is in sharp contrast to the carrier-mediated
